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Dr. J u l i e C. Y a n g
S e n i o r G r o u p L e a d e r

W. R. Grace & Co.
Rock P r o c e s s i n g C h e m i c a l s
C o n s t r u c t i o n P r o d u c t s Divis ionC a m b r i d g e , M a s s a c h u s e t t s 02140
Dear J u l i e :
Per your l e t t e r of January 11, 1973, and subsequent t e l e p h o n e conversationswi th Dr. A r n o l d Rosenberg and you, I am e n c l o s i n g a report p r o v i d i n g ananalys i s o f a s b e s t o s ( t r e m o l i t e and a c t i n o l i t e ) content of seven (7) un-
known sample s as well as an o p e r a t i n g procedure for determining a sbe s to scontent in M o n o k o t e s a m p l e s . The me thod e m p l o y e d has d e m o n s t r a t e d a 2 a
c o n f i d e n c e minimum d e t e c t a b l e l i m i t o f 0.15 we ight p e r c e n t , which I thinkis e s p e c i a l l y good for a procedure based upon X-ray d i f f r a c t i o n m e t h o d s .
The overall cost for thi s work, which we wil l b i l l to your P. 0. No. 41574,is $1800. T h i s includes the small carryover f r o m the previous task
(December 19, 1 9 7 2 ) , d i f f r a c t i o n scans of 12 s a m p l e s , M e t h o d B and C
p o i n t count d a t a f or seven (7) s a m p l e s , M e t h o d C p o i n t count d a t a f or an
a d d i t i o n a l seven (7) s a m p l e s , and f i n a l l y , s p e c i f i c a t i o n o f a measurementprocedure .
I have retained all s u b m i t t e d s a m p l e s and p r e p a r e d X-ray s a m p l e s shouldthey be required in the f u t u r e .

Very t ru ly yours,

Edward T . P e t e r s
/me
Enclosure
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January 30, 1973

PROCEDURE F O R M E A S U R I N G A S B E S T O S C O N T E N T O F
MONOKOTE MIXTURES FOR W. R. GRACE & CO. 0364 113

S U M M A R Y
An X-ray d i f f r a c t i o n pro c edure has been d e v e l o p e d for d e t e rmin ing the pre s-ence of t r e m o l i t e and a c t i n o l l t e f o r m s of a s b e s t o s in commercial mix ture sof v e r m i c u l l t e and g y p s u m , such as monokote. Baaed upon the r e s u l t s f r o m
known chemistry s t a n d a r d s , a sbe s to s can be i d e n t i f i e d in these p r o d u c t swith a 2 a minimum d e t e c t a b l e limit of 0.12 weight percent for t r e m o l i t eand 0.15 weight percent ac t ino l i t e . Of the seven s a m p l e s s u b m i t t e d for
measurement of asbes tos c on t en t , all were f o u n d to have less than theminimum d e t e c t a b l e l imit s o f a sbe s to s , with the f o l l o w i n g e x c e p t i o n s :A f r i c a n //3 - 1.90% t r e m o l i t e and Kearney #3 - 0.30X tremol i t e .
I N T R O D U C T I O N
In December 1972, members of the C o n s t r u c t i o n P r o d u c t s Divi s ion, W. R.Grace , I n c . , reviewed with us a need for a c c u r a t e l y d e t e rmin ing the as-b e s t o s content of various commercial p r o d u c t m ix tur e s , such as monokote .I t w a s agreed that X-ray d i f f r a c t i o n analys i s a p p e a r e d most p r a c t i c a l .
A n a l y s i s of several s t a n d a r d s ( 0 . 5 , 1.0 and 2.0% t r e m o l i t e in m o n o k o t e )revealed that the presence of a s b e s t o s could be d e t e c t e d by a d i f f r a c t i o nscan s t r i p chart r e cord ing. To e x p l o r e th e p o s s i b i l i t y o f improv ing the
s e n s i t i v i t y o f th e X-ray m e t h o d , Arthur D« L i t t l e , I n c . , conduc t ed a second
set of e xper iment s based upon the f i x e d count X-ray method. T h i s proved
s u c c e s s f u l , p r o v i d i n g a minimum d e t e c t a b i l i t y limit of 0.12 weight percent
t r emo l i t e in monokote. T h e s e r e s u l t s were pre sented in our report d a t e d
December 19, 1972.
On January 11, we were asked to:

1) P r e p a r e a c a l i b r a t i o n curve for the q u a n t i t a t i v e analys i s o fa c t i n o l i t e , u t i l i z i n g
a) F i x e d count p r o c e d u r e s , as b e f o r e .b) Area under the curve, a f t e r s low scans.

2) Conduct an analysi s of several e x p a n d e d vermicul i t e s a m p l e s andof the monokote produc t pr epar ed at various l o ca t i on s f r o m Libby
ore to determine t r e m o l i t e and a c t i n o l i t e content.

In our preliminary work, it became clear that the a c t ino l i t e s tandard mixeswere d i f f e r e n t than the other s a m p l e s , in that they res i s ted d i s p e r s i o n in
mixing with amyl acetate. S u b s e q u e n t l y , it was determined that the s t a n d a r d s
were i m p r o p e r l y pr epared and a new set was s u b m i t t e d . Oh January 26, 1973,
a f i n a l e xpanded vermicul i t e s a m p l e was s u b m i t t e d f or analys i s . T h i s d id no thave the same pre- tr ea tment as the o ther s a m p l e s , r e s u l t i n g in a much coarser
p a r t i c l e a g g r e g a t e size.
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S a m p l e s were p r e p a r e d and analyzed s imi lar to the earlier work. A des-c r i p t i o n of the methods used and procedural out l ine are p r e s e n t e d .

EXPERIMENTAL PROCEDURE 03̂ 4 11" tr
It was assumed that the pre-treatment provided by W. R. Grace r e su l t edin u n i f o r m , well b lended sample s . X-ray sample s were p r e p a r e d by mixing20-50 mg of the powder mixture with amyl acetate to make a slurry. T h o r o u g hmixing was carried out in a mortar and p e s t l e a f t e r which the s lurry was
poured onto a. g l a s s micro s cope s l i d e and dr i ed . All X-ray d i f f r a c t i o nd a t a were carried out wi th a c o p p e r X-ray tube o p e r a t e d at 40 kV and 20 ma.
The a p p a r a t u s u t i l i z e d a p o s t beam monochromator e q u i p p e d wi th a g r a p h i t ecrystal to minimize s c a t t e r e d , background rad ia t i on . Based upon the pre-vious s t u d y and upon i n f o r m a t i o n f r o m d i f f r a c t i o n scans of the monokote
mixtures and pure asbe s to s s t a n d a r d s , it was de t ermined that the most suit-able d i f f r a c t i o n line p o s i t i o n s f o r t h e asbestos peaks f r e e f r o m i n t e r f e r -ence f r o m other peaks were at:

T r e m o l i t e - 29 = 2 8 . 5 °
A c t i n o l i t e - 29 =* 1 2 . 4 ° and 2 8 . 5 °

X-ray d a t a were c o l l e c t e d a c cord ing to three basic p r o c e d u r e s , as f o l l o w s :
A . D i f f r a c t o m e t e r Scan
Scanning was conducted at a rate of l ° / m i n u t e over the range of 26=

4-50*. T h i s scan e x h i b i t e d al l d i f f r a c t i o n peaks . As shown e a r l i e r , th i s
a p p r o a c h p e r m i t t e d d e t e c t i n g t h e pre s ence o f 1 % t r e m o l i t e ( a t 2 6 - 2 8 . 5 ° ) ,
a n d f r o m t h e pr e s en t work, 1 / 2 % a c t i n o l i t e ( a t 2 6 - 2 8 . 5 ° ) . A s b o t h peaks
occur at 28 .5 , the d ir e c t scan a p p r o a c h can only say one or the o t h e r orb o t h f o r m s of a s b e s t o s are p r e s e n t in monokote in excess of 1%.

B. Area D i s p l a y ( S l o w S c a n )
S c a n s were made at l / 4 ° / m i n u t e over the range of interes t (26»11.9+

12.9 and 2 8 . 0 - * - 2 9 . 0 ° ) . As there was l i t t l e "area under the curve" for mosts a m p l e s , equivalent d a t a were c o l l e c t e d by measuring counts in 60 s e c ond s
at 28.0 and 2 9 . 0 ° as background and counts in a 120 second scan over the
peak f r o m 2 8 . 0 ° to 2 9 . 0 ° as peak. The s ignal is then taken as peak minus
ba ckground .

C. Point Count
Data were c o l l e c t e d at f i x e d p o s i t i o n s f r o m peak (12.4 and 2 8 . 5 ) and

background (11.9 and 2 8 . 0 ) , re cording the time ( s e c o n d s ) to c o l l e c t 6400coun t s , p r o v i d i n g a 2 a p r o b a b l e error of 1.68%. In the case of the e x p a n d e d
vermicu l i t e s a m p l e s , the 28.5" area of i n t e r e s t was i n f l u e n c e d by the t a i l

,o f an a d j a c e n t , broad p e a k ; for these s a m p l e s , background was taken to be
the average of measurements at 28.0 and 2 9 . 0 ° .
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0364 } 1 C 6E X P E R I M E N T A L R E S U L T S
D i f f r a c t i o n scans for the 12 submi t t ed s a m p l e s are a t t a c h e d . Examinat i onof the traces showed the e x p e c t e d peaks in all cases. The three e x p a n d e d
vermicu l i t e s a m p l e s all showed variat ion f r o m one another, which is a t t r i -but ed to small d i f f e r e n c e s in the c o m p o s i t i o n of the ore or p r o c e s s i n g
var iab l e s . The scans of monokote p r e p a r e d at f o u r l o ca t i on s were e s s e n t i a l l y
i d e n t i c a l . The r e s u l t s f r o m the various me thod s o f analysis are given be low,with measured d a t a p r e s e n t e d in T a b l e 1:

Method A
From the s t a n d a r d s , a peak at 28.5" is observed with as l i t t l e as 0.57,a c t i n o l i t e or ( f r o m the previous work) 1.0% t r e m o l i t e . H o w e v e r , at l ea s t

2.0% a c t i n o l i t e i s required to observe the peak at 1 2 . 4 ° . Based upon theh igher backgrounds and i n t e r f e r i n g t a i l s o f a d j a c e n t p e a k s p r e s e n t in the
monokote and e x p a n d e d v ermicu l i t e s a m p l e s , i t i s c onc lud ed tha t d i f f r a c t i o n
scans are s u i t a b l e f or i d e n t i f y i n g the pr e s enc e o f a s b e s t o s in q u a n t i t i e sof 2 weight percent or gr ea t er .

M e t h o d B
As can be i n f e r r e d f r o m the d a t a pre s en t ed in T a b l e 1, slow scanningf a i l s to exhibit a peak d i s t i n g u i s h a b l e f r o m background. Using the more

exac t ing measurement of counts c o l l e c t e d at background (120 sec at 1 1 . 9 °and 120 sec at 1 2 . 9 ° or 120 sec at 2 8 . 0 ° and 120 sec at 29.0°) and f r o m
background p l u s peak (240 s ec for scan f r o m 11.9-^12.9° and 2 8 . C K 2 9 . 0 0 ) ,
one observes in T a b l e 1 t h a t background is g e n e r a l l y h igher than p e a k
count . A l t h o u g h no c lear e x p l a n a t i o n can be p r o v i d e d for t h i s , it isassumed that background is not u n i f o r m over the range scanned. The f a c tthat peak signal is so low, p r e c l u d i n g a measurable area above background ,
rules out this a p p r o a c h for de t ermining a s b e s t o s - c on t en t in monokote s a m p l e s .

Method C
E x p e r i m e n t a l d a t a c o l l e c t e d a c c ord ing to the M e t h o d C p r o c e d u r e arep r e s e n t e d in T a b l e 1. Each measurement is converted to a c o u n t s / s e c o n d

b a s i s , w i th a p p r o p r i a t e correc t ion f or th e d i f f e r e n c e in background count-
ing rate at P and B p o s i t i o n s as d e t e rmined f r o m the monokote b lank. A
p l o t o f s ignal ( i . e . , p eak l e s s b a c k g r o u n d ) versus c o m p o s i t i o n f o r t h evarious s t a n d a r d s is p r e s e n t e d in F i g u r e 1. W i t h the e x c e p t i o n of onedatum p o i n t , the t r e m o l i t e d a t a i s in e x c e l l e n t agreement w i t h the ear l i e r
calibration curve (December 19 r e p o r t ) , giving con s iderab l e credence tothe experimental approach that has been e m p l o y e d .

The a c t ino l i t e data show some s ca t t e r . The curve at 1 2 . 4 ° (wi th a2 a- c o n f i d e n c e , minimum d e t e c t a b l e l imit of 0.15%) is emp loyed to i d e n t i f y
the presence of a c t i n o l i t e . F r o m F i g u r e 1, the c o r r e s p o n d i n g count rate
for the 28.5 a c t i n o l i t e peak i s de t ermined and s u b t r a c t e d f r o m the c o r r e c t e d
2 8 . 5 ° s i g n a l . Any remaining s ignal i s a t t r i b u t e d t o t r e m o l i t e .
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Experimental da ta for the seven unknown sample s is also presented inT a b l e 1. Aa the 2 8 . 5 ° peak p o s i t i o n occurred on the tail of a m a j o r ex-panded vermiculi te peak, a more a p p r o p r i a t e background was obtained byaveraging da ta c o l l e c t e d at 28.0 and 29.0" po s i t i on s . Even thi s approachre su l t ed in an over-correction for background. T h i s high background d i f f i -cu l ty is the result of a broad expanded vermiculite peak be ing pre s en tat 26.7" in the N e * f e h Carolina ore employed for s t a n d a r d s , where therewas no int er f erence f r o m peak tai l s at 28.0°, whereas it is p r e s e n t at
2 7 . 3 ° in the Libby ore r e su l t ing in a peak tail at 2 8 . 0 ° . As a consequence,the absence of a peak at 28.5" in the f o u r monokote s a m p l e s using Libby
ore was i n f e r r e d by a measured peak to background ratio of 0.86 for allf o u r s ampl e s .

The three expanded vermicu l i t e s a m p l e s showed no s ignal a t 1 2 . 4 ° ,p r e c l u d i n g the presence of a c t ino l i t e . A measured signal at 28.5" was
t h e r e f o r e a t t r i b u t e d to t r e m o l i t e c o r r e s p o n d i n g to 1.95% and 0.30% for theA f r i c a n //3 and Kearney #3 s a m p l e s , r e s p e c t i v e l y .
RECOMMENDED PROCEDURE
Based upon the experimental re sul t s de s cr ibed above, the f o l l o w i n g pro-
cedure i s recommended for d e t e r m i n i n g the pre s ence o f a sbe s to s ( a c t i n o l i t ea n d / o r t r e m o l i t e ) in monokote s a m p l e s :

1. Mix 20 to 50 mg monokote mix with 20 to 30 d r o p s amyl a c e t a t e ,mix in mortar and p e s t l e , pour onto a g l a s s s l i d e (cover ing anarea of 4-6 cm^), and allow to dry.
2. E m p l o y i n g a P h i l i p s vertical d i f f r a c t o m e t e r e q u i p p e d with a c o p p e r

targe t X-ray tube o p e r a t e d at 40 kV and 20 ma, 1" divergence s l i t ,
0.001 inch receiving s l i t and g r a p h i t e - c r y s t a l p o s t beam monochro-
mator,* c o l l e c t t h e f o l l o w i n g d a t a :
a. Measure time to c o l l e c t 6400 counts at 26 * 1 2 , 4 ° and convertto c oun t s / s e c ond » PI
b. Measure time to c o l l e c t 6400 counts at 26 = 1 1 . 9 ° and convert

to c o u n t s / s e c o n d = Bl
c. C a l c u l a t e SI = PI - Bl

1. If SI * 0.4 or lower, assume no a c t i n o l i t e is p r e s e n t .
2. If SI > 0.4, read % a c t i n o l i t e f r o m curve ( 1 ) , F i g u r e 1.

A l s o , read c o u n t s / s e c o n d at same % a c t i n o l i t e f r o m curve(2) and call S 2 . *
d. Measure time to c o l l e c t 6400 counts at 28.0, 28.2, 28.5, 28.8

and 29.0"; convert to counts per s e c o n d ; p l o t c o u n t s / s e c o n d
versus 29; draw smooth curve through p o i n t s at 28 * 28.0, 28.2,
28.8 a n d 2 9 . 0 ° ; take d i f f e r e n c e between 2 8 . 5 ° po int a n d t h esmooth curve and call P2.

*0ther experimental a p p a r a t u s could of course be used, but would p r o b a b l y
require new cal ibrat ion curves. 15034518
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0364 U=se. C a l c u l a t e S2 - P2 - S2*
1. If S2 » 0.7 or l e s s , assume no t r emol i t e is pre s ent .
2. If S2 > 0.7, read Z t r e m o l i t e f r o m curve ( 3 ) , F i g u r e 1 .

3. For procedure as pre s ented above, the minimum d e t e c t a b l e l imitof t r e m o l i t e is 0.12 and a c t i n o l i t e is 0.15 weight p e r c e n t ,
r e sp e c t iv e ly .
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